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Abstract 
The majority of the roads in India are of single-lane or two-lane width. Due to budget constrains sometimes these 
roads are constructed with one and a half lane width (5.5 m) and is called intermediate-lane road with traffic moving 
on both directions. To simplify the analysis of mixed traffic on such roads, different types of vehicles are converted 
into equivalent number of passenger cars by using Passenger Car Unit (PCU). In the present study, an attempt is 
made to study the effect of the carriageway width on PCU of different vehicle categories. Data are collected at ten 
sections of intercity roads in different states in India. The results show that PCU value for a vehicle type varies with 
traffic volume and composition on the road and the carriageway width of the road being used. For example the 
average PCU for a big car varies from 1.46 to 1.59 on two-lane roads, 1.23 to 1.55 on intermediate roads and 1.58 
on single-lane roads. All these results are discussed in this paper.  
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1. Introduction 
The roads in India are classified as national highway (NH), state highway (SH), district roads and village roads, 
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based on their function in the total road network. They are also classified as single lane, two-lane or multilane roads 
based on the width of the carriageway. About 52 percent of total national highway length and 36 percent of state 
highway length in India is of two-lane width. Overall, almost 75 percent of the total road length in India is of single 
lane, intermediate lane or two-lane width. When sufficient funds are not available with the construction agencies, 
roads in India are made with 5.5 m carriageway width and there are called intermediate lane roads. These roads are 
substandard two-lane roads as traffic movement on them are similar to that on a two-lane road. Intermediate lane 
roads constitute a good portion of the road network of the state highways and district roads in India.  
The major challenge in the analysis of traffic flow on intercity roads in India is the heterogeneity of traffic 
stream. There are more than 10 categories of the vehicles which move on intercity single lane and two-lane roads in 
India. Operating condition on a road becomes complex when all these vehicles of different sizes move on the same 
road space without any physical segregation and occupy any lateral position on the roadway depending upon the 
availability of road space. Small size vehicles like motorized two-wheelers penetrate into the gaps between two 
large size vehicles and make the operating conditions poorer.  
Expression of capacity or traffic volume in terms of vehicles per hour loses credence under mixed traffic 
conditions unless such information is accompanied by traffic composition. One class of vehicles cannot be 
considered equivalent to any other class of vehicle as there is a considerable difference in their static and dynamic 
characteristics. The static characteristics with reference to traffic movement refer to the dimension, power, speed, 
acceleration rate, braking efficiency, and manoeuvrability of the vehicle. The dynamic characteristics refer to the 
transverse and longitudinal gap between different categories of vehicles at different speed ranges. One way to 
quantify the effect of different categories of vehicles on capacity is to convert all vehicles in to equivalent number of 
a standard vehicle. The universally accepted such vehicle is passenger car and hence all vehicles in a traffic stream 
are converted into equivalent number of passenger cars by assigning equivalency factors to all vehicles other than 
car. This factor is known as the Passenger Car Unit or PCU and capacity is expressed in terms of PCU per hour. 
It is recognized that PCU for a vehicle type is dynamic in nature and depends on all factors that influence 
behaviour of a driver in the traffic stream. The present study was taken up with the objective of estimating PCU 
factors for different categories of vehicles typically found on intercity roads in India and thereby to observe their 
variation with carriageway width. 
2.  Literature Review 
PCU is a complex parameter and is influenced by a large number of factors. Various methods are available in 
literature to derive PCU values of a vehicle type. Chandra et al. (1997) used the data collected on a two-lane 
highway section in India and compared various methods of PCU estimation like homogenization coefficient method, 
:DONHU¶V PHWKRG KHDGZD\ UDWLR PHWKRG PXOWLSOH-linear regression method, and simultaneous equation method. 
They demonstrated that with the same traffic data, different values of PCU are achieved using each of these methods 
thus showing that PCU value for a particular vehicle type depends on the method of calculation also. Chandra and 
Kumar (2003) studied the effect of lane width on capacity of roads under mixed traffic conditions. They collected 
data on two-lane road sections in different parts of India with widths ranging from 5.5 to 8.8m. Their analysis 
showed that PCU values for a vehicle category increases linearly with increase in the lane width. Dey et al. (2007) 
developed a simulation model to explain the effect of traffic mix on speed and PCU values of different types of 
vehicle on a two-lane road. The results indicated that PCU value for a vehicle type decreases with increase in its 
own proportion in traffic stream. Sarraj and Jadili (2012) determined the value of passenger car units for animal-
driven carts and buses at signalized intersections in Palestine utilizing the headway method. They used time 
headway values and analysis of variance method to estimate the homogeneity of PCU values for each class of 
vehicles at the studied intersections. They further compared the values with UK and India. Their study showed that 
PCU values for buses in Gaza were similar to the UK but the values for bus and animal driven carts were found to 
be significantly lower than those in India. Tanaboriboon and Aryal (1990) estimated PCU value to measure the 
effect of vehicle size on highway capacity in Thailand. Average minimum time headway was used as primary data 
and passenger car equivalency (PCE) factors were evaluated for medium and large size vehicles. This method was 
earlier used by Krammes and Crowley (1987) also who estimated PCE values for medium and large size vehicles on 
freeway. Elefteriadou et al. (1997) calculated PCU values for two lane highway and arterial roads based on 
simulation results. They formulated speed-flow curves for passenger cars only and then other curves for mix traffic 
conditions. Traffic simulation was run by selecting subject vehicle types and their incremental proportion in vehicle 
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mix by removing same amount of passenger cars. Arasan and Shriniwas(2008) described the effect of traffic volume 
and road width on PCU of vehicles under heterogeneous conditions using micro-simulation technique.  
3.  Data Collection and Extraction 
Data for this study were collected at four sections of two-lane roads, four sections of intermediate-lane roads and 
two sections of single lane roads in India to determine PCU factors for the different categories of the vehicles and to 
observe their variations with road width. The details of the selected sections are given in Table1.  
Table 1. Details of the Study Sections 
Section 
Number 
Section Details Pavement Width (m) 
1 Mumbai ± Chennai  Road (NH ± 4) 7.5 
2 Roorkee ± Haridwar Road (NH ± 58) 7.0 
3 Delhi ± Yamunotri  Road (SH ± 59, Uttar Pradesh)) 7.0 
4 Vizianagaram ± Palakonda Road (District road in southern state of Kerala) 7.0 
5 Bhagawanpur ± Roorkee Road (NH ± 73) 5.5 
6 Dabhoi ± Sinor Road (SH ± 161, Gujarat) 5.5 
7 Hamidpur Road (SH ± 26, West Bengal) 5.5 
8 Palwal ± Aligarh Road (SH ± 22A, Haryana) 5.5 
9 Village Road in Northern State of Uttar Pradesh 4.2 
10 District Road in Southern State of Andhra Pradesh 3.8 
 
Videography method was used for data collection. A trap of 50m was made on the road surface using a resilient 
white adhesive cotton tape. The recording duration was 8 hours continuously starting from 9am to 5pm on typical 
weekdays. All sections had 1.2 to 2 m of earthen shoulder. Data on volume and speed of vehicles were recorded at 
each section. To avoid distraction to the drivers by the video camera, it was placed in an obscured place such as 
under a tree or a roadside building with reasonable distance from the pavement. Another precaution for not 
disturbing the normal traffic pattern was that all data were collected in clear weather and during typical weekdays.  
All vehicles are divided in to eight categories based on their physical size and operating conditions Table 2 displays 
various vehicle categories their size and physical area. Small car in Table 2 represents all cars having their engine 
power of around 1400 cc and average length and width of 3.98 m and 1.54 m respectively. This is also taken as the 
standard car in the present study and PCU factors were derived for all vehicles with respect to this car. The big car is 
one having the length of 4.58 m, width 1.77 m and engine power of around 2500 cc. 
Table 2. Vehicle Categories with Corresponding Average Dimensions 
Vehicle category Vehicles included Average projected 
rectangular area m2 
Area ratio of small 
car to vehicle type 
Small Car Standard  Car 5.36 1.0000 
Big Car Jeeps, Mini Vans 8.06 0.6650 
Two Wheeler Scooter, Motor Cycle 1.20 4.4667 
Three Wheeler 3Wheeler Autos 4.48 1.1964 
Light Commercial Vehicles Mini Trucks, Vans 12.81 0.4184 
Heavy Commercial Vehicles Multi-axle Trucks 17.62 0.3042 
Bus Buses, Mini Buses 24.74 0.2167 
Tractor Trailers Tractor with trailers 16.28 0.3292 
 
Five minute classified traffic volume counts were made using the software developed for this purpose.  Table 3 
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displays the traffic composition at study sections. Speed of each type of vehicle included in every five minute count 
were also estimated by measuring the time taken by the vehicle to cover the 50m trap on the road using a stop watch 
with an accuracy of 0.01 s.  
Table 3. Traffic Composition on Various Sections 
Section Number 
Traffic Composition 
SC BC 2W 3W LCV HCV Bus Tractor Trailer 
1 26.62 15.72 21.26 3.82 7 20.13 5.45 -- 
2 27.12 14.21 31.7 0.26 3.12 11.08 9.19 3.32 
3 18.80 9.72 42.2 -- 8.07 17.5 1.61 2.1 
4 5.42 1.49 56.37 28.23 3.06 1.82 2.25 1.36 
5 13.65 4.15 51.06 0.88 6.00 7.07 2.21 1.58 
6 7.92 7.39 57.52 10.82 3.69 8.18 2.90 1.58 
7 12.80 8.69 56.9 4.34 2.85 10.27 1.35 2.81 
8 16.30 14.04 41.38 3.79 3.26 17.88 2.21 1.16 
9 15.51 1.94 59.46 2.97 4.02 1.22 13.72 1.16 
10 1.64 -- 55.64 30.64 -- 3.57 -- -- 
 
4.  Data Analysis and Discussion Of Results 
 
4.1 Estimation of passenger car units 
 
Traffic on Indian roads is heterogeneous in nature containing a large variety of vehicles operating on the same road 
without any segregation. One class of vehicles cannot be considered equivalent to any other vehicle class as there is 
considerable difference in their static and dynamic characteristics. Hence to quantify the effect of different 
categories of vehicles on capacity, all vehicles are converted to an equivalent number of a standard vehicle. The 
universally accepted such vehicle is passenger car. The factor used to convert all vehicles into equivalent number of 
passenger cars is known as Passenger Car Unit or PCU.  
Table 4. PCU Values for Different Categories of Vehicles and Roads 
Section Number 
PCU Values for 
SC BC 2W 3W LCV HCV Bus Tractor Trailer 
1 1 1.472 0.26 1.266 2.778 4.315 5.248 -- 
2 1 1.589 0.282 1.238 3.388 4.38 5.827 7.936 
3 1 1.512 0.322 -- 3.275 4.522 5.306 7.963 
4 1 1.457 0.239 0.960 2.601 3.842 5.214 4.430 
5 1 1.51 0.31 1.29 3.24 4.39 -- 7.52 
6 1 1.23 0.22 0.92 2.67 3.34 6.77 -- 
7 1 1.46 0.27 1.19 2.78 3.63 4.5 5.71 
8 1 1.55 0.26 1.32 3.2 4.2 5.77 -- 
9 1 1.58 0.26 1.25 2.9 4.56 -- 6.86 
10 1 1.40 0.24 0.91 -- 3.24 -- -- 
 
Many scholars have established methods to compute PCU for the vehicle type. All these methods generate different 
PCU values for the same vehicle category. For the present study the PCU values were estimated by using the 
Equation (1) which was introduced by Chandra and Kumar (2003). 
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PCUi =
୚ୡ ୚୧Τ
୅ୡ ୅୧Τ
           (1) 
 
 
Where, 
 
PCUi = Passenger Car Unit of vehicle type i. 
Vc, Vi = Average speed (time mean) of small car and vehicle type i, respectively 
Ac, Ai = Projected rectangular area of small car and vehicle type i, respectively. 
The speed ratio in Equation (1) depends on the composition of traffic stream as the speed of any vehicle varies 
with its own proportion and proportions of other vehicles in the stream. The second ratio is space ratio, which 
indicates manoeuvrability and weight-power ratio of a vehicle with respect to car. 
Table 4 gives the PCU values for the different vehicle types present in the stream on the sections where data 
collections were carried out.  
 
4.2 Variation in PCU Values 
 
Figures 1 and 2 show the PCU values and variations for different vehicle types on two-lane, intermediate-lane 
and single lane roads. Figure 1 gives the PCU values which are the average of all sections of each category. It can be 
seen that PCU values for all vehicle types on two lane roads except for buses are more than that on intermediate-lane 
roads. In the case of buses, due to its dominant size comparing to passenger car, it is the bus which gets to maintain 
its speed should any other vehicle use the road section at the same time.  
On single-lane roads this trend faces more exceptions.PCU values for big car, bus and tractor trailers on single-lane 
roads are higher than intermediate roads. That is because on single lane roads smaller vehicles operate with more 
freedom and this can lead to a higher speed ratio of small car to vehicle classes of smaller physical dimensions. In 
case of buses same explanation could be applied. But for big cars and tractor trailers it is required to look back at 
Table-3 where the traffic composition is presented.  
 
 
Fig. 1. Variation on different types of roads 
Figure 2 displays the variation of PCU values for sections 3, 5 and 9 respectively to show the effect of 
carriageway width on these values. Here in order to neutralize the effect of volume, the PCU values for four vehicle 
types were taken in to account where the volume in vehicles per hour was almost equal for all three sections. At a 
volume of 648 veh/hr it was observed that PCU values for BC, LCV, HCV and 2W show a steady increase. This can 
be attributed to the increase in carriageway where the wider is the carriageway width, the more would be the 
psychological confidence for drivers to cross, overtake or maintain their speed. The exception here is the BC. The 
PCU value for BC shows more increase for intermediate-lane roads. This could be attributed to traffic composition. 
Looking again at Table-3, it can be understood that on section 5 the percentage of three-wheelers is equal to zero. 
The total absence of a vehicle class of slow operation characteristics and rather similar size to passenger car could 
be the possible explanation of such behavior.  
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Fig. 2. Variation in PCU values for different carriageway widths. 
 
5. CONCLUSIONS 
 
The results show that the PCU value for a vehicle type varies with traffic volume and composition on the road. It is 
also affected by the type of road as well. For example, the average PCU for a BC varies from 1.46 to 1.59 for two-
lane roads, 1.23 to 1.55 for intermediate roads and 1.58 for single-lane roads. Therefore, single sets of PCU values 
as provided by all international standards like American HCM, Indonesian and Indian Standards may not be applied 
to all types of roads due to such dynamism. Carriageway width also affects the PCU value for all types of vehicles. 
Being the classifying element of a road type, the wider the carriageway the more would be the freedom to the traffic 
and more space for the vehicles to maintain their desired or normal speed. This will eventually increase the speed 
differential between a vehicle type and the passenger car and hence higher PCU as per equations 1 and 2. On single-
lane roads where vehicles arriving from both directions use the same lane, the width of the carriageway affects the 
GULYHUV¶SHUIRUPDQFHDQGYHKLFOHRSHUDWLRQEDVHGRQ WKHVL]HRI WKHYHKLFOH2QWKHVH W\SHVRI URDGV WKH3&8IRU
BC, HCV and Bus are sometimes greater than that on intermediate-lane roads. This can be attributed to traffic 
composition. 3W for instance have similar physical dimensions to passenger cars yet have far less operational 
capabilities and more vulnerability to accident damages.  
 
The results of this study will be helpful to traffic engineers and practitioners as PCU values are often required in 
traffic flow and highway capacity studies. Any bias in PCU will result in bias in capacity estimation. The dynamic 
PCU as presented in this paper takes in to account the influence of traffic volume and traffic composition on PCU of 
individual type of vehicle and therefore is expected to provide more accurate results than produced by static PCU 
factors. 
 
Acknowledgment 
 
The work reported in this paper is the part of on-going research project on "Development of Indian Highway 
Capacity Manual (INDO - HCM), sponsored by CSIR-CRRI, New Delhi. The financial assistance provided by the 
sponsoring agency for traffic studies is gratefully acknowledged. 
References 
1. Krammes RA, Crowley KW. Passenger car equivalents for trucks on level freeway segments. Transport Res Rec 1091, National Research 
Council, Washington, D.C., 1986; 10-17. 
2. Tanaboriboon Y, Aryal R. Effect of vehicle size on highway capacity in Thailand. J TranspEng-ASCE, 1990;116 (5), 658-666.  
3. Elefteriadou L, Torbic D., Webster N. Development of passenger car equivalents for freeways, two-lane highways and arterials, Transport 
Research Record N1572, National Research Council, Washington, D.C.,1997; 51-58. 
4. Chandra S, Zala LB, Kumar V. Comparing the methods of passenger car unit estimation. J Institution Eng (India) 1997; 78 (CV-1), 13±16.  
5. Chandra S, Sikdar PK. Factors affecting PCU in mixed traffic on urban roads. Road Transport Res2000; 9(3), 40-50. 
6. Chandra S, Kumar U. Effect of lane width on capacity under mixed traffic conditions in India. J TranspEng-ASCE, 2003; 129(2), 155-160.2. 
7. Dey PP, Chandra S, Gangopadhyay S. PCU factors for two-lane roads. Highway Research Bulletin, Indian Roads Congress, New Delhi 2007; 
77, 111-119. 
8. Arasan TV, Shriniwas S. Simulating passenger car unit for vehicles in heterogeneous traffic. Traffic Eng Control2008;49, 436-444 
9. Sarraj Y. Jadili I. Estimating passenger car unit factors for buses and animal driven carts in Gaza City, Palestine. IUG Journal of Natural and 
Engineering Studies, 2012, 20 (2), 99. 
0
2
4
6
4.2 m 5.5 m 7.0 m
Traffic volume = 648 veh/hr BC
LCV
Truck
2W
